ABSTRACT: Background. Effects of exercise therapy for trismus secondary to head and neck cancer have not been reviewed systematically since 2004. Methods. Four databases were searched. The quality of observational studies and randomized controlled trials was assessed. Results. Two hundred eleven articles were found, 20 studies were included. A large variation in research methodology, stretching techniques, duration of stretch, and repetition of exercises was found. The overall quality was moderate. Five of the 8 preventive studies found that exercises during (chemo)radiotherapy could not prevent a reduction in mouth opening. In 4 therapeutic case studies, mouth opening increased between 17 and 24 mm. In 8 other therapeutic studies, mouth opening increased between 21.9 and 13.6 mm. No exercise therapy was clearly superior to the others. Conclusion. Changes in mouth opening ranged considerably and no stretching technique was superior to others regarding either prevention or treatment of trismus. Clinical guidelines cannot be given based on this systematic review.
INTRODUCTION
Treatment of cancer of the head and neck region may lead to side effects, such as dysphagia, xerostomia, mucositis, and trismus. 1 These side effects can severely impede the overall quality of life of patients and may contribute to posttreatment depression. 1, 2 Trismus, a limited mouth opening, is considered the second most burdensome side effect of oncologic therapy in the head and neck region. 3 It occurs in 5 to 38% of patients suffering from head and neck cancer, although recent research suggested an even larger incidence (38-42%). [4] [5] [6] A restriction of the mouth opening of <35 mm is a well-supported cutoff point for trismus. 4, 6, 7 Trismus can lead to difficulties in activities, such as biting, chewing, speaking, and laughing. It may also impair oral hygiene, resulting in dental caries and periodontal disease. 8, 9 Surgery in head and neck cancer may lead to a limited mouth opening because of scar formation in the muscles of mastication. 9 Radiotherapy may cause fibrosis of the temporomandibular joint or of the muscles of mastication, which can lead to trismus. [9] [10] [11] When the medial pterygoid muscle is included in the irradiated region, the risk of developing trismus increases. 12 Trismus usually occurs 3 to 6 months after radiotherapy is completed, and can continue to increase in severity up to 2 years. 9, 13 Intensitymodulated radiotherapy can spare the healthy tissues and reduce the risk of developing trismus.
In therapy-resistant cases, trismus can be resolved by surgical procedures, such as lowering the height of the mandible in order to obtain a larger mouth opening, tissue release followed by reconstruction using a free-flap, or a coronoidectomy. [14] [15] [16] More often, however, exercise therapy is prescribed, using stretching techniques to increase the range of mouth opening.
In 2004, a systematic review was performed to identify the criteria, risk factors, and physical therapeutic interventions for trismus. 17 The overall quality of the studies was considered poor, and only 4 articles could be included in the review. In a systematic review including 22 studies, Bensadoun et al 18 concluded that trismus could possibly be prevented or managed by early therapy modalities. They considered the use of the Dynasplint Trismus System (DTS) and the TheraBite Jaw Motion Rehabilitation System (TheraBite), as well as the administration of botulinum toxin of pentoxifylline, as possible enhancers of mouth opening. However, these options were not supported by randomized controlled trials (RCTs); therefore, no clinical guidelines could be created at that time. 18 In recent years, numerous studies have been published regarding exercise therapy and trismus that have not been reviewed systematically. We therefore conducted a systematic review with 3 aims: (1) to identify exercise therapy interventions for trismus secondary to head and neck cancer; (2) to assess methodological quality of these studies; and (3) to summarize results of these studies.
MATERIALS AND METHODS
Four databases, PubMed, EMBASE, Cochrane Library, and CinAhl, were searched for articles analyzing effects of exercise therapy for trismus secondary to head and neck cancer. In all databases, synonyms for trismus, physical therapy, and head and neck neoplasms were used to create an optimal search strategy. Medical subject heading (MeSH) terms, as well as free text terms, were used (Appendix A). All databases were searched in August 2013 and the search was updated in July 2014.
To be included in this study, articles had to describe trismus secondary to head and neck cancer, for which exercise therapy was applied to treat or prevent it. No restrictions regarding language or study type were applied. Reviews and letters to the editor were excluded. Articles were assessed for inclusion using a standardized screening form (Appendix B). All identified articles were retrieved online from the library of our institute or from the corresponding author. Articles written in a language not understood by the observers were translated into English. Assessment was performed in 3 steps by 2 observers (J.I.K. and M.v.L.). First, title and abstract were assessed for inclusion criteria, then, the full text was assessed for inclusion criteria, and, finally, the full text was assessed for methodological quality. The quality of observational studies was assessed with an assessment tool based on the methodological index for nonrandomized studies (MINORS) criteria (Appendix C). 19 We added the following points to the MINORS criteria: a clear definition of trismus, a description of the measurement device, and premeasurements and postmeasurements of mouth opening. RCTs were assessed using the risk of bias tool of the Cochrane Collaboration. 20 The references of the included studies were checked for relevant studies missed in the searches, and these were assessed, as described above.
Cohen's Kappa (% agreement) was calculated as a measure of interobserver reliability. Discrepancies between observers were resolved by discussion. When no consensus could be reached, a third observer (P.U.D.) was consulted, providing a binding opinion. The use of correct statistical analyses (criterion 14) was assessed solely by a clinical epidemiologist (P.U.D.). The overall quality score (the number of criteria fulfilled) was displayed as a percentage of the maximal obtainable score because not all criteria were applicable to all articles (for instance, the criterion of precalculated sample size for case reports).
Data were extracted from the included studies. Corresponding authors were contacted in case of questions regarding text and data.
RESULTS
The searches resulted in 211 articles, of which 24 studies were initially included in the analysis (see Figure 1) . One study written in Chinese and 1 study in French were translated to English. Cohen's Kappa (% agreement) as a measure for interobserver reliability for including/excluding studies was 0.71 (87%). Consensus was reached for all studies. The 24 included studies and were assessed according to the quality criteria. During data extraction, we found that 6 studies had premeasurements and postmeasurements mean (SD) of the mouth opening taken, but data (premeasurement and postmeasurement mean (SD) of mouth opening) were not provided. Therefore, these studies were excluded. [20] [21] [22] [23] [24] [25] [26] A seventh study was excluded because it analyzed the effects of pentoxifylline on mouth opening. 27 In July 2014, the searches were updated and 3 new studies were included for qualitative assessment. In total, 20 studies were included in this review: 4 case studies, 6 prospective studies, 5 RCTs, and 5 patient chart studies (Table  1) . [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] The sample sizes ranged from 1 to 108 patients, with a mean age ranging from 13.0 to 63.3 years. A total of 691 patients were studied. Patients underwent a variety of treatments for cancer in the head and neck region, including surgery, chemotherapy, radiotherapy, and various combinations of these modalities. Patients suffering from different types and stadia of head and neck cancer were studied. Because of the heterogeneity of the included studies, we could not perform a meta-analysis.
Identification of exercise therapy interventions for trismus secondary to head and neck cancer
Eight studies analyzed the effects of preventive measures on mouth opening, including with the TheraBite, active range of motion exercises (with or without chewing gum), and wooden tongue depressors. [28] [29] [30] [31] [32] [33] [34] [35] The other 12 studies analyzed the effects of therapeutic measures on mouth opening after trismus had occurred. 27, [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] Therapeutic exercise modalities included dynamic bite openers, a homemade sledgehammer device, the TheraBite, active range of motion exercises, the Engstrom Jaw mobilizing device, tongue depressors, rubber plugs, and the DTS. Many different stretching techniques were used in the therapeutic studies. 2 
Assessment of quality of included studies
Cohen's Kappa (% agreement) for the quality assessment was 0.94 (87%). The overall quality scores (in %) of the preventative studies ranged from 52% to 81% (median, 65.5; interquartile range [IQR], 57-76), and of the therapeutic studies, it ranged from 50% to 80% (median, 65.5; IQR, 57-76). The percentage of studies meeting the individual criteria, ranged from 0% to 100% (median, 65; IQR, 35-95; Table 2 28-47 ). None of the studies reported participation by an independent observer. All studies reported the sample size, age, and sex of the participants, and premeasurements and postmeasurements of mouth opening. The risk of bias assessment that was performed for the included RCTs showed that many items were unclear (Table 3 33-35,41,42 ). The criteria "overall incomplete data addressed" and "free of selective outcome reporting" were predominantly scored "yes."
Summary of the results of studies
In Table 4 , [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] an overview of the results of included studies is presented. Duration of exercise therapy ranged from 2 weeks to 12 months. The number of exercise sessions per day varied from 2 to 10, with 3 to 40 repetitions. Duration of stretch ranged from 2 seconds to 60 minutes.
Results of preventive studies
The TheraBite was used in 5 preventive studies. 28, [32] [33] [34] [35] In 2 studies, by Ren et al 32 and Cohen et al 28 , the results of the exercises were substantial, with a mean increase of 9.7 and 14.0 mm, respectively. In both these studies, exercises were started after surgery, but before radiotherapy. In the study of Ren et al 32 , no significant difference was found between exercises using a TheraBite and exercises with wooden tongue depressors. Cohen et al 28 reported a significant increase in mouth opening (p < .01), but no control group was used. In a preventive study by Li et al 30 , an exercise compliant group of patients was compared to a noncompliant group (betweengroup comparison), the decrease in mouth opening in the noncompliant group after 1 year was 18.4 mm greater than in the compliant group. Other preventive studies did not find large differences between different types of intervention. 29, 31, [33] [34] [35] In an RCT, Loorents et al 35 found a positive result after 12 months of mouth opening exercises with the TheraBite. In 5 preventive studies, a reduction of mouth opening was not prevented but less decrease was seen in patients who received preventive exercise therapy. [29] [30] [31] 33, 34 The duration of therapy in preventive studies ranged from 2 weeks to 12 months; exercises were often performed for long as the duration of the (chemo)radiotherapy. The number of exercise sessions ranged from 2 to 6 per day, with 5 to 40 repetitions per session. Duration of stretch ranged from 2 seconds to 15 minutes. We detected no clear pattern in the duration of therapy and the increase in mouth opening after exercise therapy. For example, Ren et al 32 reported an increase of 14 mm after 2 to 6 weeks of exercises, whereas van der Molen et al 34 reported a decreased mouth opening of 20.6 mm 2 years after exercises, both with a TheraBite. Likewise, no clear conclusion can be drawn about the number of sessions per day. Both Cohen et al 28 and Grandi et al 29 prescribed 6 exercise sessions per day (using TheraBite or active range of motion exercises), but reported very dissimilar results: an increase of 10 mm versus a decrease of 21.4 to 23.8 mm.
Results of therapeutic studies
Four therapeutic case studies were included. In all of these studies, a substantial increase in mouth opening was reported, ranging from 17 to 24 mm. [36] [37] [38] [39] In a prospective study, Pauli et al 40 found a significantly larger increase (a difference in mean increase of 6.4 mm) in the exercise intervention group compared to the control group (p < Abbreviations: Yes, the study fulfilled the criterion; No, the study did not fulfill the criterion; Unclear, insufficient information was provided for the observers to score "yes" or "no," or the study did not address the particular outcome. (10) 31 (5) 14 (11) Wooden tongue depressors (11) 17 (9) 32 (5) 15 ( (7) 6-10 .001). In RCTs, all but 1 intervention group had a larger mouth opening compared to the corresponding control group; the mean increase ranged from 4.2 mm to 13.6 mm. In their RCT, Tang et al 42 did not report a larger mouth opening in the intervention group, but they found a smaller decrease in mouth opening in the intervention group than in the control group (21.9 mm vs 26.9 mm). Buchbinder et al 41 compared 3 therapies: active range of motion exercises, active range of motion exercises in combination with tongue depressors, and exercises with the TheraBite. They found an increase in mouth opening of 4.4 mm, 6.0 mm, and 13.6 mm, respectively. The increase in mouth opening using the TheraBite was significantly superior (p < .05). Dijkstra et al 43 studied a group of patients with different types of exercises (rubber plugs, tongue blades, a dynamic bite opener, and the TheraBite), which were assigned on clinical presentation of the patient. An overall increase in mouth opening of 5.5 mm was found. Additionally, in a chart review study by Kamstra et al 47 , an increase of mouth opening of 5.4 mm on average was observed after exercise therapy with a TheraBite.
The duration of therapy in therapeutic studies ranged from 1 month to 9 months. The number of exercise sessions ranged from 2 to 10, with 3 to 8 repetitions. Duration of stretch ranged from 6 seconds to 60 minutes. Because of the clinical and methodological heterogeneity of the included studies, we could not perform a meta-analysis.
DISCUSSION Main findings
In this systematic review, we aimed to: (1) to identify exercise therapy interventions for trismus, secondary to head and neck cancer; (2) to assess the methodological quality of these studies; and (3) to summarize the results of these studies. We found a large variety in stretching techniques, duration of stretch, and repetition of exercises. Additionally, a large variation in research methodology was found, ranging from case studies to 3-arm RCTs. The overall quality of the studies was moderate. Only 6 studies had a score of 75% or more on a MINORS scale. [33] [34] [35] 39, 40, 47 Finally, preventive and therapeutic studies were identified and summarized.
Some broad conclusions can be drawn about the included studies. Mean mouth opening before exercise therapy was smaller in therapeutic studies than in preventive studies, probably because of the fact that, in patients who received exercise therapy, a reduction in mouth opening had already occurred (selection bias). Five of the 8 preventive studies found that exercises during (chemo)radiotherapy could not prevent a reduction in mouth opening. Based on the means of mouth opening after exercise therapy in half of the preventive studies, trismus was probably prevented by exercise therapy (Table 4) . 28, 31, 33, 34 In 4 therapeutic case studies, mouth opening increased between 17 and 24 mm. In 8 other therapeutic studies, mouth opening increased between 21.9 and 13.6 mm. Although most therapeutic studies found an increase in mouth opening, multiple studies still found a mean mouth opening smaller than 35 mm after exercise therapy (Table 4) . [39] [40] [41] [42] [43] [44] 46, 47 This finding indicates that even after therapeutic exercises, a substantial number of patients still suffer from trismus when using this 35 mm as the cutoff point. No exercise technique was clearly superior to others regarding either prevention or therapy of the trismus secondary to head and neck cancer.
Compliance with exercises seems to be important to the results. Both Li et al 30 and Stubblefield et al 46 found differences between compliant and noncompliant patients. Generally, within-group comparisons and case studies reported larger increases in mouth opening than between-group comparisons. However, 1 RCT found a substantial increase for patients using TheraBite. 41 These results were not confirmed in a chart review study. 47 Similarly, in a cohort case series of 20 irradiated patients, Shulman et al 45 found an increase of 13.6 mm after exercises with the DTS, which was not confirmed in other studies. [44] [45] [46] The greatest increases in mouth opening were reported in case studies on exercise therapy. [36] [37] [38] [39] However, it is likely that only case studies with successful results were published.
It seems that the effect of exercises on mouth opening declines with a longer period of time between oncologic treatment and the start of mouth opening exercises. Most studies started exercises weeks or months after oncologic treatment. Kamstra et al 47 concluded that starting exercise therapy as soon as possible after (chemo)radiotherapy improved the results of mouth opening exercises. The only decrease of mouth opening we found in therapeutic studies was reported by Tang et al 42 ; they started exercises 4.6 to 4.8 years after radiotherapy, and found a decrease of 21.9 mm.
Multiple studies used the TheraBite or DTS as part of the exercise therapy, in combination with other stretching exercises. 39, 40, 42, 43, 46 In these studies, it is difficult to determine which intervention contributed to the change in mouth opening. Based on the results of this systematic review, it is still unclear which exercise type or technique is clearly superior to the others.
Other systematic reviews
In a systematic review from 2004, 1 article analyzing exercise therapy was included based on design, baseline assessment of trismus, and measurement of trismus. 17 Emphasis was placed on the importance of prospective studies to assess risk factors and treatment strategies. Additionally, it was stated that articles should mention the location of the tumor, clear inclusion criteria, and multiple measurements of the mouth opening. In our systematic review, we found that 88% of the articles reported clear inclusion criteria and that 86% of the articles stated the tumor location clearly. All 20 included articles reported pre-exercise and post-exercise measurements of mouth opening. In the previous systematic review from 2004, no case studies were included. 17 Since 2004, 17 additional studies and 2 case studies were published. In 2010, Bensadoun et al 18 published a systematic review, and concluded that both the TheraBite and the DTS are effective in treatment of trismus induced by oncologic therapy and that exercise therapy seems to be useful in prevention of trismus. 18 Overlooking the results of our systematic review, we cannot confirm their conclusion completely. Although the number of studies published on this topic has increased, the exercise therapies that are currently described have a limited and inconsistent effect. Clear guidelines for the treatment of trismus secondary to head and neck cancer cannot be derived from the results of our systematic review.
Strengths and limitations
In our systematic review, no limitations in publication type, publication year, or language were used in the search of the databases. Four databases were searched to ensure that no publications were missed. Independent assessment was ensured. During data extraction, multiple authors were contacted and provided more clarity. A limitation of this review was that we did not use the original MINORS tool. We had to adjust it slightly for assessment of studies analyzing exercise therapy.
CONCLUSION
We found a large variation in stretching techniques, duration of stretch, repetition of exercises, and research methodology. Changes in mouth opening varied considerably. However, no exercise technique was clearly superior to others regarding either prevention or therapy of the trismus secondary to head and neck cancer. Most studies, both therapeutic and preventive, found an increase in mouth opening after exercise therapy. However, multiple studies found a post-exercise mouth opening that was still smaller than 35 mm, indicating that even with exercises several patients still suffer from trismus. Starting therapy early and compliance with exercises seem to be important for good results. Based on the results of this systematic review, clinical guidelines cannot be established. EMBASE ("range of motion"/exp) AND ("mouth"/exp OR mandib* OR jaw*) OR "trismus"/exp OR "mouth opening" OR "interincisal distance" AND ("trismus"/exp/mj/dm_th,dm_rh OR "convalescence"/exp OR exercise* OR "rehabilitation"/ exp OR "physiotherapy"/exp OR "physical therapy"/exp OR dynasplint* OR therabite* OR "dynamic splint"/exp OR "dynamic splinting") AND "cancer"/exp. Cinahl S1: (TX "range of motion") AND ("mouth" OR mandib* OR jaw*) OR (TX "trismus" OR "mouth opening" OR interincisal distan*). S2: (MH "rehabilitation1") OR (TX exercise* OR "rehabilitation" OR "physiotherapy" OR physical therap* OR dynasplint* OR therabite* OR "dynamic splinting"). S3: (Head and neck neoplasms) OR cancer. S4: S1 AND S2 AND S3. Cochrane ("Trismus" OR "mouth" or "jaw" and "opening") AND ("physical therapy modalities" OR "recovery of function" OR physiotherapy or exercis* or physical therapy or rehabilitation or Dynasplint or therabite) AND "head and neck cancer."
APPENDIX B: INCLUSION AND EXCLUSION CRITERIA

Inclusion criteria
Yes No
1
The article discusses trismus 2
The article discusses trismus following oncologic treatment in the head and neck region 3
Physiotherapeutic treatment (exercise therapy) was used to relieve trismus Exclusion criteria 4
The article is a review 5
The article is a letter to the editor Conclusion: is the article included?
